Doxycycline as an inhibitor of p-glycoprotein in the alpaca for the purpose of maintaining avermectins in the CNS during treatment for parelaphostrongylosis.
Meningeal worms (Parelaphostrongylus tenuis) are a common malady of alpacas, often refractory to conventional treatments. Ivermectin is a very effective anthelmintic used against a variety of parasites but this drug is not consistently effective against alpaca meningeal worms once the parasite has gained access to the CNS, even if used in a protracted treatment protocol. Ivermectin is not effective against clinical cases of P. tenuis, raising the possibility that the drug is not sustained at therapeutic concentrations in the central nervous system (CNS). A specific protein (designated as p-glycoprotein (PGP)) effluxes ivermectin from the brain at the blood-brain barrier, thus hampering the maintenance of therapeutic concentrations of the drug in the CNS. Minocycline is a synthetic tetracycline antibiotic with an excellent safety profile in all animals tested to date. Minocycline has three unique characteristics that could be useful for treating meningeal worms in conjunction with ivermectin. First, minocycline is an inhibitor of PGP at the blood-brain barrier and this inhibition could maintain effective concentrations of ivermectin in the brain and meninges. Second, minocycline protects neurons in vivo through a number of different mechanisms and this neuroprotection could alleviate the potential untoward neurologic effects of meningeal worms. Third, minocycline is a highly lipid-soluble drug, thus facilitating efficient brain penetration. We thus hypothesized that minocycline will maintain ivermectin, or a related avermectin approved in ruminants (abamectin, doramectin, or eprinomectin), in the alpaca CNS. To test this hypothesis, we cloned the gene encoding the alpaca PGP, expressed the alpaca PGP in a heterologous expression system involving MDCK cells, and measured the ability of minocycline to inhibit the efflux of avermectins from the MDCK cells; doxycycline was used as a putative negative control (based on studies in other species). Our in vitro studies surprisingly revealed that doxycycline was effective at inhibiting the efflux of ivermectin and doramectin (minocycline had no effect). These two avermectins, in combination with doxycycline, should be considered when treating meningeal worms in alpacas.